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hydrogen atoms were refined with anisotropic displacement parameters. Hydrogens of the protein were added by the Shelx-implemented "riding model" for final refinement cycles.
Both bulk solvent correction and anisotropic scaling have been applied. Initially applied inplane restraints for the suspected aromatic thiazolium and aminopyrimidine rings of the ThDP cofactor were gradually relaxed in late stages of refinement until the model was in good agreement with the electron density maps. The two structures were refined using Shelx-97 to an R work /R free of either 8.83%/11.17% (Fo > 4σ; crystal A) or 9.77%/12.26% (Fo > 4σ, crystal B) against data up to 1.09 (A) and 1.13 Å (B) resolution (SI Table 1 ). Estimation of bondlength and bond angle esd's was carried out by full-matrix refinement using a pre-release version of Shelx-11. In total, >135.000 parameters were simultaneously fitted.
The final models consist of residues 9-591 (out of 603) for each of the two monomers, 2 hydroxyethyl-ThDP carbanion-enamine intermediates, 2 two-electron reduced FAD cofactors, 2 Mg 2+ ions, 4 pyruvate molecules, 2 phosphates, and solvent molecules (SI Table 1 ).
Stopped-flow kinetics
The reductive half-reaction of POX with artificial substrate acetaldehyde was analyzed by stopped-flow kinetics as recently described (7). 2 mg/ml POX was reacted with different concentrations of acetaldehyde or d 1 -acetaldehyde under anaerobic conditions in 0.2 M potassium phosphate buffer, pH 6.0 in 1+1 mixing ratio at 25 °C. Reaction was monitored at 457 nm (intrinsic FAD absorbance). Microscopic rate constants of turnover were estimated by global fit analysis using program Dynafit (8) .
Reactivity of reduced POX containing the HEThDP carbanion-enamine and the two-electron (see SI Fig. 11 ).
